Introduction
The past 25 years have witnessed the emergence of conjugated oligomers and polymers as an important class of electroactive and photoactive materials investigated in academic as well as in industrial laboratories [1] . π-conjugated small molecules and short oligomers have attracted much attention not only in the area of organic chemistry as challenging synthetic objects but also in materials chemistry and materials science because of their promising electronic, opto-electronic and electrochemical properties [2] [3] . π-conjugated oligomers can be used as model compounds for conducting polymers since their monodispersity, defectless structure and better supramolecular organization in the solid state facilitate their experimental and theoretical investigations [4] . More recently they have attracted interest as the sole active components of organic electronic or electrochemical devices [5, 6] photochromism of anil substituted carbazole-ethylenedioxythiophene oligomer will be subject of a separate publication. Here we concentrate on the synthesis of this compound, its voltammetric and spectroelectrochemical (UV-vis-NIR, Raman) characterization in view to demonstrate its interesting electrochemical and electrochromic behaviour.
Experimental
General Procedure. Tetrabutylammonium perchlorate (Fluka), synthesis grade ethyl alcohol anhydrous (Carlo Erba, RS), CH 2 Cl 2 (SDS, purex), hexane (Aldrich), N,N-diméthylformamide (DMF) (Carlo Erba, RPE), Et 2 O (Carlo Erba, RPE) and pyridine (SDS) were used as received.
Acetonitrile (Aldrich, HPLC gradient grade) was distilled under N 2 immediately before use from P 2 O 5 . Tetrahydrofuran (THF) was purified by distillation from sodium/benzophenone under N 2 immediately before use.
Moisture and oxygen sensitive reactions were carried out in flame-dried glassware under Ar. Column chromatography was carried out under positive pressure using 0.063-0.2 nm silica gel (Merck) and the indicated solvents. Evaporations were conducted under reduced pressure at temperatures lower than 45°C, unless otherwise noted. Further drying of the residue was accomplished under high vacuum. FTIR analyses were carried out on a PerkinElmer IR-FT 1600 spectrometer whereas the NMR spectra in the indicated solvent were run on a 200 MHz Bruker spectrometer. Liquid secondary ion mass spectrometry low-resolution data (LSIMS) were obtained from the mass spectrometry laboratory of the CERMAV at the University of Grenoble, Grenoble, France. Liquid secondary ion mass spectrometry hightresolution data (HMRS) were obtained from the mass spectrometry laboratory of the CRMPO at the University of Rennes, Rennes, France. (4.20 g, 23.8 mmol) were added under argon. After the addition, the cooling ice bath was removed and the resulting mixture was stirred overnight in dark at room temperature.
The reaction mixture was then filtered and the silica washed with CH 2 Cl 2 (3 × 30 mL). The combined layers were washed with brine (3 × 30 mL), dried over Na 2 SO 4 3, 142.7, 138.9, 129.9, 126.8, 125.9, 124.7, 123.6, 114.3, 111 5, 131.0, 129.8, 126.6, 125.3, 125.1, 116.9, 113.9, 113.7 7, 158.3, 148.4, 140.9, 139.9, 137.2, 134.9, 129.4, 128.6, 127.9, 127.0, 123.9, 123.2, 122.8, 118.2, 113.2, 111.5, 35.1, 34.2, 31.5, 29.4 dibromocarbazole-9-yl)-phenylimino)-methyl)-phenol (1.00 g, 1.6 mmol) in dry CH 2 Cl 2 (25 mL) 1.30 mL (9.3 mmol) of triethylamine and 1.11 g (9.1 mmol) of 4-dimethymaminopyridine were added. The mixture was stirred for 10 min, then trimethylsilyl chloride (TMSCl, 1.4 mL, 11.0 mmol) was added. After 30 min, the cooling ice bath was removed and the mixture was stirred overnight at room temperature. The solution was diluted in 20 mL of CH 2 Cl 2 , washed with 1M H 3 PO 4 (4 × 10 mL) and brine (4 ×10 mL). The organic layer was dried over Na 2 SO 4 , filtered and evaporated to give crude 6 as a yellow solid, (1.06 g, 94% yield). 7, 159.1, 158.4, 148.5, 140.9, 139.9, 137.3, 134.9, 131.8, 129.5, 128.6, 127.9, 127.0, 124.0, 123.2, 122.8, 120.1, 118.3, 113.2, 111.4, 35.2, 34.2, 31.5, 29.5, 14.6 and Pd(PPh 3 ) 4 (142.70 mg, 0.12 mmol) were added to THF (25 mL 4, 158.3, 147.9, 142.2, 140.8, 139.9, 139.8, 137.3, 137.1, 135.2, 128.8, 128.4, 127.7, 127.0, 125.8, 125.4, 125.1, 123.7, 123.2, 122.6, 122.5, 118.2, 117.2, 112.9, 111.3, 110.0, 96.8, 64.8, 64.5, 35.1, 34.2, 31.4, 29.4 (excitation line 1064 nm).
Quantum chemistry calculations. Calculations were performed using the Gaussian 03W
package [16] . Figures were done with the Molekel molecular visualization program (Swiss National Supercomputing Centre). Gas phase geometries and electronic energies were calculated by full optimization without imposed symmetry of the conformations using the
hal-00344664, version 1 -30 Mar 2009
B3LYP [17] density functional with the 6-31G* basis set [18] , starting from preliminary optimizations performed with semi-empirical AM1 methods.
Results and discussion
Monomer synthesis and characterization. Scheme 1 illustrates the synthetic route to the novel N-carbazole derivative 8. EDOT-Cz-Anil 8 can be synthesized from carbazole in a multi steps procedure depicted in Scheme 1. The first step involves regioselective introduction of bromine at the 3-and 6-positions of the carbazole unit, which can be accomplished with excellent yield by using 2 equivalents of N-bromosuccinimide in presence of silica gel [19] .
The next three steps are aimed on the N functionalization of the carbazole unit with a conjugated chromophore group. In particular, the treatment of 3,6-dibromocarbazole with sodium hydride, and subsequently with 4-fluoronitrobenzene, yields 3,6-dibromo-9-(4-nitrophenyl)-carbazole 3 [20] . 3 can be reduced by catalytic hydrogenation using sodium sulphide, sulphur and pyridine [21] . Then, 2,4-di-tert-butyl-6-((4-(3,6-dibromocarbazole-9-yl)-phenylimino)-methyl)-phenol 5 is obtained with good yields (79%) by the reaction of compound 4 with the corresponding aldehyde in refluxing ethanol [22] . The reaction is quantitative since the IR spectra of the product confirm the disappearance of the bands originating from the vibrations of the aldehyde group. The introduction of the 3,4-ethyledioxythiophene (EDOT) is accomplished by a Stille-coupling reaction between 6, which is the protected form of compound 5, and the precursor i.e. (2,3-dihydrothieno[3,4] [1,4]dioxin-5-yl)trimethylstannane 7 [23, 24] . The protection of the phenolic function of compound 5 is necessary to avoid possible secondary reactions. This protection is carried out under classical conditions using trimethylsilylchloride as a protecting group [25] . The set of the above outlined reactions leads to EDOT-Cz-Anil 8 in a form of a yellow powder with a global yield of 12%.
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0.98 V, two irreversible anodic waves at E 1 = 0.48 V and E 2 = 0.82 V with no cathodic counterparts (see Fig. 1a ). The first peak can unambiguously be attributed to the oxidative coupling of two monomers via their EDOT subunits (see Scheme 2) [26]. The second one is ascribed to the oxidation of the phenolic group. This attribution is supported by the comparison of the cyclic voltammograms of 8 and 9, the latter constituting this building block of 8, which contains the phenol function (compare Fig. 1 a and b) [27]. It should also be noted that the two registered oxidation waves are well separated. Therefore, if the oxidative dimerization is carried out at sufficiently low potentials, it should not be perturbed by other oxidation processes.
Electrodimerization. The selected vertex potential for the voltammeric dimerization of 8 is 0.95 V. This value is high enough to assure the oxidative coupling of the EDOT subunits and sufficiently low to avoid the irreversible overoxidation effects clearly observed when the vertex potential is extended to 0.98 V. This dimerization occurs via C α -C α coupling of the terminal EDOT subunits. This is understandable since the electrodonating properties of the dialkoxy substituent in the EDOT ring increase the electron density at the C α terminal carbon, facilitating its oxidation to a radical cation, followed by the carbone-carbone bond formation which by analogy with the known behaviour of other thiophene radical cation certainly occurs through the reaction between radical-cations [28] . This point is in agreement with the calculated spin density of the radical cation of the monomer 8, where the largest value is clearly visible on the terminated C α terminal carbon (Fig. 3) . These calculations confirm that the oxidative coupling is very selective and only occurs on the C α -position which is generally not the case
with long thiophene oligomers [28] . It should also be noted that the dimerization product is stabilized by the conjugation between the EDOT subunit and the carbazole ones [29] . In addition to the oxidative dimerization peak, two new redox couples develop at lower potentials whose intensity increases with the number of cycles. Since both peaks of these redox couples (at -0.07 and 0.18 V) have their cathodic analogue, they can be tentatively ascribed to the oxidative doping and dedoping of the EDOT part of 10 (vide infra). containing the carbazole -BEDOT moieties. For both redox processes, the peak intensity changes linearly with the scan rate (Fig. 5b) in agreement with the behaviour expected for a deposited material. The electrodeposited dimer film demonstrates a good stability electrochemical cyclability, only negligible changes in the cyclic voltammetry curves are observed after 50 cycles at 50 mV.s -1 . Optmized calculation indicates that the molecule adopts a linear and twisted conformation in the neutral state. However, because calculations were made in gas phase, it is likely that in the material, the linear molecule becomes more planar than predicted by gas phase calculations performed on an isolated molecule (Fig.6 ). In Fig.8 the spectra of 10, recorded for increasing electrode potentials, are collected.
UV-vis-NIR and Raman
We will concentrate first on the on the attribution of the Raman bands recorded for the most negative potential i.e. for the reduced form of the dimer. The bands characteristic of both ethylenedioxythiophene and carbazole subunits can clearly be distinguished. In particular, the band at 1460 cm -1 can without ambiguity be attributed to the C α -C β stretching in the substituted thiophene ring. Other bands originating from the ethylenedioxythiophene vibrations are: 1246 cm -1 interring stretching, 1123 cm -1 (C β −Ο), 700 cm -1 (C-S-C thiophene deformation) [31a] .
The band at 1323 cm -1 is assigned to the C-C interring bridge stretching whereas the bands at
The very intensive band at 1552 cm -1 can originate from the carbazole subunit but also from the azomethine group (CH=N) [31c] . Taking into account that it is broader and more intensive than in other carbazole derivatives, we tend to believe that it embraces contributions from both the carbazole moiety and the azomethine group.
The doping induced shifts in the Raman bands originating from the vibrations of the conjugated backbone start at the potentials characteristic of the onset of the first oxidation wave. In particular the line at 1552 cm -1 shifts towards lower wavenumbers, which we attribute to the oxidation of the carbazole subunit. The oxidation process, via conjugation, also affects the azomethine group of the substituent. This shift is much more pronounced at the potentials of the first oxidation wave (23 cm -1 ) than at the potentials of the second one ( subunit the doping is restricted to the potentials of the first oxidation wave whereas in the BEDOT one it is continued throughout the second oxidation wave.
Conclusions
To summarize, we have developed a new conjugated oligomer of interesting electrochromic and spectroelectrochemical properties. It can be conveniently deposited on a suitable electrode by dimerization of a monomer containing ethylene-dioxythiophene-carbazole-anil subunits (EDOT-Cz-Anil). The resulting dimer is transmissive sharp yellow when fully reduced, transmissive green upon oxidation up to the end of the first oxidative process, and dark blue upon full oxidation. As shown by complementary UV-vis-NIR and Raman spectroelectrochemical studies, the first colour change (from yellow to green) is caused by the oxidation of both carbazole and ethylenedioxythiophene subunits whereas the second one (from green to blue) by further oxidation of the ethylenedioxythiophene subunits. 
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